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OSTEOCHONDRAL PLUG GRAFT, KIT AND 
METHOD 

[0001] This application is a division of NyeZ et al, Ser. No. 
11/390,081, ?led 29 Mar. 2006. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to an osteochondral plug graft, 
kit for implanting the graft and a method of osteochondral 
regeneration With the graft. 
[0003] Human joint surfaces are covered by articular carti 
lage that provides a resilient, durable surface With loW fric 
tion. Cartilage is an avascular tissue that has a small number 
of chondrocytes encapsulated Within an extensive extracellu 
lar matrix. The cartilage acts to distribute mechanical forces 
and to protect subchondral bone. The knee is a particular 
instance of a cartilage surfaced (the condyle) bone area. The 
knee comprises three bonesithe femur, tibia, and patella that 
are held in place by various ligaments. Corresponding chon 
dral areas of the femur and the tibia form a hinge joint and the 
patella protects the joint. Portions of the chondral areas as 
Well as the underside of the patella are covered With an articu 
lar cartilage that alloWs the femur and the tibia to smoothly 
glide against each other Without causing damage. 
[0004] Damage to the articular cartilage, subchondral, bone 
or both can result from traumatic injury or a disease state. For 
example, articular cartilage in the knee can tear due to trau 
matic injury as With athletes and degenerative processes as 
With older patients. The knee cartilage does not heal Well due 
to lack of nerves, blood vessels and a lymphatic system. 
Hyaline cartilage inparticularhas a limited capacity for repair 
and lesions in this material Without intervention, can form 
repair tissue lacking the biomechanical properties of normal 
cartilage. 
[0005] A number of procedures are used to treat damaged 
articular cartilage. Currently, the most Widely used procedure 
involves lavage, arthroscopic debridement and repair stimu 
lation. Repair stimulation is conducted by drilling, abrasion 
arthroplasty or microfracture. The goal of this procedure is to 
penetrate into subchondral bone to induce bleeding and ?brin 
clot formation. This promotes initial repair. HoWever, the 
resulting formed tissue is often ?brous in nature and lacks the 
durability of normal cartilage. 
[0006] Osteochondral grafting has been used to repair 
chondral damage and to replace damaged articular cartilage 
and subchondral bone. First in this procedure, cartilage and 
bone tissue of a defect site are removed by routing to create a 
bore of a precise cylindrical geometry. Then a cylindrical 
cartilage and subchondral bone plug graft is harvested in a 
matching geometry. The harvest is typically from another 
body region of less strain. The plug graft can be harvested 
from a recipient source (autograft) or from another suitable 
human or other animal donor (allograft). The harvested plug 
graft is then implanted into the bore of the routed defect site. 
Healing of the graft bone to host bone results in ?xation of the 
plug graft to surrounding host region. 
[0007] Surface characteristics of the plug graft are critical. 
For a successful procedure, surface of the transplanted graft 
must have the same contour as the excised osteochondral 
tissue. If the contour is not a correct match, a repaired articu 
lar surface is at risk for further damage. 
[0008] Also, osteochondral grafts are typically harvested in 
a cylindrical plug form. HoWever, a cylindrical shape does not 
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pack Well into irregularly shaped defects. Further, cylindrical 
plug grafts have a propensity to rotate. This results in poor 
integration of the plug graft With surrounding host tissue. 
[0009] There is a need for a graft, method and kit to over 
come post implantation motion, graft surface mismatch and 
host tissue integration failure. 

BRIEF DESCRIPTION OF THE INVENTION 

[0010] The invention relates to a trapeZoid shaped osteo 
chondral plug graft that ?ts routed defect shapes, matches 
adjacent surface contour and resists micromotion after 
implantation. The osteochondral plug graft, comprising a 
trapeZoid shaped construct con?gured for osteochondral 
implanting. 
[0011] In an embodiment, the invention is a method for 
repairing articular cartilage in a patient, comprising: forming 
a recipient socket in a chondral area of an articular surface in 
need, of repair; and implanting a trapeZoid shaped plug graft 
into the recipient socket for osteochondral repair of the area. 
[0012] Another embodiment is a kit for osteochondral 
regeneration, comprising: a plurality of different con?gured 
or different siZed trapeZoid shaped plug grafts; at least one 
drill head; and a chisel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a schematic perspective vieW of a knee 
joint; 
[0014] FIGS. 2 and 3 are schematic perspective vieWs of 
harvested trapeZoid shaped plug grafts and holding array 
structures; 
[0015] FIGS. 4 to 6 are schematic perspective vieWs of a 
femur head; 
[0016] FIG. 7 is a schematic side elevation vieW of 
emplaced plug grafts; and 
[0017] FIG. 8 is a schematic perspective vieW of a trapeZoid 
shaped biologic structure; and 
[0018] FIG. 9 is a schematic representation of a kit of parts 
to carry out osteochondral regeneration procedures. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] The invention provides a shaped plug graft. A “trap 
eZoid” is a quadrilateral having tWo parallel sides. McGraW 
Hill Dictionary of Scienti?c and Technical Terms, 5”’ Ed., p 
2063 (1994). Preferred invention embodiments include a 
trapeZoid shaped plug graft, Wherein the trapeZoid shape 
comprises a quadrilateral having only tWo parallel sides, i.e., 
four sides are non-parallel and Wherein the trapeZoid shape 
comprises a quadrilateral having only four parallel sides, i.e., 
tWo sides are non-parallel.At least: one cross sectional pro?le 
of both these plug graft con?gurations, tapers from top to 
bottom surface. 
[0020] In an embodiment of the invention, an osteochon 
dral plug graft is provided in the form of a trapeZoid shaped 
biphasic construct that has an upper surfaced cartilage area 
and a subchondral bone loWer portion. The trapeZoid shaped 
biphasic construct of the invention is a quadrilateral compris 
ing an articular cartilage top surface With a loWer subchondral 
bone portion having tWo parallel sides and a bottom surface. 
The bottom bone surface can be parallel to the articular car 
tilage top surface. The non parallel subchondral bone sides 
are tapered from the articular cartilage top surface to permit 
tight packing of an array of the plug grafts Within a routed 
recipient socket in an osteochondral surface. 
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[0021] This plug graft can be harvested from a recipient or 
from another suitable human or animal donor and from any 
appropriate structure including hyaline cartilage and under 
lying subchondral bone. Suitable harvest locations include 
joints of mammals, including humans, such as articulating 
surfaces of knee, hip and shoulder joints. For example, an 
osteochondral plug can be harvested at the femoral condyle or 
the articulating surface of a knee joint. 

[0022] The plug graft can be harvested in any shape and 
manipulated to provide the trapeZoid shape. For example, a 
cylindrical plug can be reamed from a host osteochondral site 
and pared into a desired trapeZoid shape appropriate for 
implant into the recipient socket. Or, a plug in a trapeZoid 
shape can be harvested With a punch much like the formation 
of a square or cube socket With a punch. 

[0023] An osteochondral plug graft of the invention can 
have a cross sectional pro?le that varies along its length. In 
certain embodiments, the cartilage layer or cap Will have a 
cross sectional pro?le that is the same as the pro?le of the 
underlying bone plug, While in others the cartilage cap Will 
have a cross sectional pro?le that differs from that of the bone 
plug. The latter may occur, for instance in grafts having a 
cartilage cap that extends beyond the periphery of the bone 
plug or terminates short of the periphery of the bone plug. 
Similarly, the bone plug itself may have a cross sectional 
pro?le that is constant along its length or that varies along its 
length. Illustrative of the latter point, a cross sectional pro?le 
providing a unique, non-circular geometry as discuss herein 
may occur along only a portion of the bone plug, and yet 
provide stabilization features as described, herein. These and 
other potential variations Will be apparent to the skilled arti 
san from the descriptions herein. 

[0024] According to an invention embodiment, a trapeZoid 
shaped allograft osteochondral plug can be either fresh (con 
taining live cells) or processed and froZen or otherWise pre 
served to remove cells and other potentially antigenic sub 
stances While leaving behind a scaffold for patient tissue 
ingroWth. A variety of such processing techniques is knoWn 
and can be used in accordance With the invention. For 
example, harvested osteochondral plugs can be soaked in an 
agent that facilitates removal of cell and proteoglycan com 
ponents. One such solution includes an aqueous preparation 
of hyaluronidase (type IV-s, 3 mg/ml), and trypsin (0.25% in 
monodibasic buffer 3 ml). The harvested osteochondral plugs 
can be soaked in this solution for several hours, for example 
10 to 24 hours, desirably at an elevated temperature such as 
37° C. Optionally, a mixing method such as sonication can be 
used during the soak. Additional processing steps can include 
decalci?cation, Washing With Water, and immersion in 
organic solvent solutions such as chloroform/methanol to 
remove cellular debris and sterilize. After such immersion the 
grafts can be rinsed thoroughly With Water and then, froZen 
and optionally lyophiliZed. These and other conventional tis 
sue preservation techniques can be applied to the osteochon 
dral grafts in accordance With the present invention. 
[0025] Osteochondral graft, plugs of the invention can be 
used in the repair of articular cartilage in a patient including 
for example, cartilage occurring in Weight bearing joints such 
as the knee. The articular cartilage in need of repair can 
present a full thickness defect, including damage to both the 
cartilage and the underlying subchondral bone. Such defects 
can occur from trauma or an advanced stage of disease, 
including an arthritic disease. 
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[0026] Typically, an articular cartilage site in need of treat 
ment Will be surgically prepared for receipt of the osteochon 
dral plug graft. This preparation can include excision of car 
tilage and subchondral bone at the site to create a socket or 
void in Which the plug graft Will be received. Tissue removal 
can be conducted in any suitable manner including for 
instance drilling and/or punching, typically in a direction 
substantially perpendicular to the articular cartilage layer at 
the site, to create a recipient socket having a depth approxi 
mating that of the graft to be implanted. In certain embodi 
ments of the invention as discussed beloW, the opening for 
receiving the graft Will be created using a drill or punch 
having a circular cross-section. Multiple, overlapping passes 
With the drill or punch are made, in order to create an opening 
having a cross-section, de?ned by multiple, intersecting cir 
cular arcs. A chisel can then be used to shape the recipient 
socket to receive the trapeZoid shaped implant. 
[0027] In another embodiment of the invention, the osteo 
chondral graft is provided as a trapeZoid shaped, biological 
matrix supported graft. This graft includes a resorbable osteo 
conductive matrix, a biological agent such as bone morpho 
genetic protein (BMP) and optionally, cultured chondrogenic 
cells. The resorbable osteoconductive matrix can be a bio 
logically acceptable matrix sponge, scaffold, honeycomb, 
hydrogel, a polymer of an aromatic organic acid or caprolac 
tone suitable for receiving activated migrating chondrocytes 
or osteocytes that provides a structural support for groWth and 
three-dimensional propagation of chondrocytes and for for 
mulating of neW cartilage or for migration of osteochondro 
cytes into the bone lesions. The support matrix can be pre 
pared from such materials as Type I collagen, Type II 
collagen, Type IV collagen, ?brin, hyaluronan, alginate, chi 
tosan, gelatin, agarose, cell-contracted collagen containing 
proteoglycans, glycosaminoglycans or glycoproteins, poly 
mers of aromatic organic acids, ?bronectin, laminin, bioac 
tive peptide groWth factors, cytokines, elastin, ?brin, syn 
thetic polymeric ?bers made of poly-acids such as polylactic, 
polyglycolic or polyamino acids, polycaprolactone, absorb 
able epsilon caprolactone polymer, polypeptide gel, copoly 
mers thereof and combinations thereof. The gel solution 
matrix can be a polymeric ther'mo-reversible gelling hydro 
gel. The support matrix is preferably biocompatible, biode 
gradable, hydrophilic, non-reactive, has a neutral charge and 
is able to have or has a de?ned structure. 

[0028] In this application, “subchondral” means an area 
underlying joint cartilage. The term “subchondral bone” 
means a very dense, but thin layer of bone just beloW a Zone 
of cartilage and above the cancellous or trabecular bone that 
forms the bulk of the bone structure of the limb. “Osteochon 
dral” is a combined area of cartilage and bone Where a lesion 
or lesions can occur. “Osteochondral defect” means a lesion 

Which is a composite lesion of cartilage and subchondral 
bone. “Hyaline cartilage” is cartilage consisting of groups of 
isogenous chondrocytes located Within lacunae cavities 
Which are scattered, throughout an extracellular collagen 
matrix. A “condyle” is a rounded articular surface of the 
extremity of a bone, Stedman’s Medical Dictionary, 26”’ Ed., 
p 380 (1995); chondral means cartilaginous, Stedman’s 
Medical Dictionary, 26”’ Ed., p 331 (1.995); relating to or 
consisting of cartilage, Stedman’s Medical Dictionary, 26”’ 
Ed., p 287 (1995). Osteochondral is bone and its associated 
cartilage. 
[0029] Features of the invention Will become apparent from 
the draWings and folloWing detailed discussion, Which by 
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way of example without limitation describe preferred 
embodiments of the invention. 

[0030] In the drawings, FIG. 1 is a schematic perspective 
view of a knee joint 10 (without patella), showing mating 
femur head 12 and tibia head 14. Femur head 12 includes 
femoral articular surfaces 16, femoral trochlear groove 18, 
femoral, medial condyle 20 and femoral lateral condyle 22, 
FIG. 1 shows a trapeZoid shaped harvested cavity 24 within 
femoral trochlear groove 18 representing a less strain area. 

[0031] While FIG. 1 shows harvest from a trochlear groove 
18, the osteochondral plug graft of the invention can be har 
vested from any appropriate structure including hyaline car 
tilage and underlying subchondral bone. Suitable harvest 
locations include weight bearing joints of mammals, includ 
ing humans. These harvest locations include articular carti 
lage and rib cartilage. A wide variety of human articular 
cartilages can be used including cartilage from articulating 
surfaces of the knee, hip and shoulder joints. As speci?c 
examples, an osteochondral plug graft can be taken from the 
femoral condyle, the articulating surface of the knee and the 
articulating surface of the shoulder. 
[0032] FIGS. 2 and 3 show harvested trapeZoid shaped plug 
grafts 26 and multi cellular holding structure 40 representing 
embodiments of the invention. TrapeZoidal graft 26 in FIG. 2 
is harvested from the trochlear groove 18 shown, in FIG. 1 to 
leave the harvested cavity 24. TrapeZoid graft 26 is a quadri 
lateral having two parallel boundaries 28, 30 and four non 
parallel sloping sides 32. The graft 26 comprises an articular 
cartilage layer 34 and subchondral bone 36 harvested from 
the femoral trochlear groove 18 shown in FIG. 1. 

[0033] In the FIG. 2 and FIG. 3 embodiments, trapeZoid 
graft 26 is provided as an array 38 of grafts 26 in a multi 
cellular array structure 40. The Multi-cellular array structure 
40 comprises a multiplicity of thin plastic-walled cells 44 
suggestive of an egg crate. The cells 44 are separable. The 
separable feature can be an indent delineation of the cells 44. 
The separable feature allows a surgeon to select particular 
plug grafts 26 by separating cells 44 that include the selected 
grafts 26 from the rest of the array 40. The cells are separated 
by breaking off the selected cells, for example at applied 
indent delineations. The grafts can then be removed from the 
selected cells with the use of a hand tool or an adhesive 
surface, such as a tape. For example, a surgeon could select 
cells with a combination of a grid of 4x6 cm cells and a grid 
of 3x2 cm cells for implanting in a recipient socket requiring 
a combination of the 4x6 and 3x2 cells to complete a surface 
contour as shown in FIG. 7. 

[0034] FIG. 2 shows a single graft 26 being emplaced in or 
removed from one cell 44 of array structure 40 and FIG. 3 
shows an array 38 of grafts being emplace in or removed from 
the multiplicity of thin plastic-walled cells 44. 
[0035] The plug grafts 26 of FIG. 2 and FIG. 3 are used to 
remedy an osteochondral defect, for example in an articular 
cartilage 46 of a femur head 12 as illustrated in FIGS. 4 
through 6. FIGS. 4 through 6 show femur head 12 rotated 
1800 from the orientation shown in FIG. 1 so that lateral side 
50 of the head 12 and medial side 52 of the head 12 are now 
reversed. Otherwise structure and numbering of the FIGS. 4 
through 6 is the same as for femur head 12 of FIG. 1. 

[0036] FIG. 4 shows a void formed by reaming around an 
osteochondral defect and removing the osteochondral defect 
from head 12 to leave routed recipient socket 54. In a process 
of repairing an osteochondral defect according to an embodi 
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ment of the invention, a defect is routed to form a recipient 
socket 54 in a trapeZoid con?guration to an exemplary depth 
of 4 to 6 mm. 

[0037] In an embodiment, the array 38 of FIG. 2 and FIG. 3 
is provided in different siZe multi-cellular array structures 40 
so that a single or selected number of grafts 26 from, cells 44 
can be selected according to a requirement to ?ll a particular 
routed recipient socket 54. Hence, a single graft or multiple 
grafts of an array 38 can be selected to match the shape and 
extent of the socket 54. The graft 26 or multiple grafts 26 are 
separated from the array 38 and then ether separated from 
each other and emplaced within the socket 54 or placed as a 
contiguous unit of grafts in an arrangement that matches the 
extent and siZe of the recipient socket 54. FIG. 4 shows a 
mosaic 60 of selected grafts 36 being emplaced to ?ll routed 
recipient socket 54. 
[0038] In an embodiment, the grafts are retained in the cells 
44 and emplaced into the recipient socket 54 as a unit; held 
together by the cell structure of the multi-cellular array struc 
ture 40. In this embodiment, the multi-cellular array structure 
40 serves to position the grafts 26 when a plurality of grafts 26 
are emplaced within a socket 54 and also serves to protect 
articular surfaces of the individual grafts 26 during shipping 
and graft positioning. 
[0039] Referring back to FIGS. 2, 3 and 4, a graft 26 is 
provided within the array structure 40 with articular cartilage 
layer 34 facing upward so that a tape 62 can be applied, to the 
exposed graft surface 34 to remove a single graft 26 or mul 
tiple grafts 26 from the array structure 40 for application to 
the socket 54. Then as shown in FIGS. 5 and 6, the tape 62 can 
be removed after positioning of the graft 26 or grafts 26 within 
the socket 54. 
[0040] The tape 62 is one preferred embodiment to trans 
port, plug grafts 26 to a recipient socket 54. A tape permits 
easy transfer of otherwise dif?cult to handle delicate grafts. 
The tape retains a tight ?t between implanted grafts if the 
grafts are picked from a tight packed arrangement. A tape 62 
facilitates easy removal of an implanted graft 26 from a socket 
54 in an instance where repositioning of the graft or replace 
ment of a mis?t graft is required. In an embodiment, the tape 
62 is ?exible so as to retain an original surface contour of a 
plurality of plug grafts. This feature can be used for an 
implant to maintain a mimic of a surface contour of a donor 
site. In another embodiment, the tape 62 is biodegradable. In 
this instance, it can be left in place to retain a contour until 
degraded away. While in place, the tape 62 provides added 
support and protection to an implanted plug graft 26 or par 
ticularly to a plurality of grafts. The emplaced tape provides 
a physical barrier to in?ow of synovial ?uid and acts to retain 
exuded blood, cells and other bene?cial components of the 
implant. In an embodiment, the tape 62 can contain a growth 
factor to enhance cartilage integration with surrounding graft 
26 and host bone. 
[0041] The tape embodiment can be of particular advantage 
in the instance that the multi-cellular array structure contains 
trapeZoid shaped grafts as in FIGS. 2 and 3. For one reason, 
corner angles of the trapeZoidal shape act to limit individual 
graft 26 rotation around a vertical axis within the socket 54. 
[0042] A plurality of plug grafts 26 can be used to provide 
an advantageous graft assembly 42 of the invention, con?g 
ured for receipt within a single surgically prepared recipient 
socket 54 as shown in FIG. 7. The plug grafts 26 in a plurality 
within recipient socket 54 to provide a mechanical arch that 
mimics a contour of an adjacent host chondral area. FIG. 7 
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shows the plurality of trapezoid grafts 26 packed to form an 
arch Within a socket 54 to provide articular cartilage layer 34 
surface that is even With adjacent articular cartilage surface 64 
of a surrounding femoral articular surface 16. The FIG. 7 
shoWs a plurality of grafts 26 oriented side to side to form the 
articular surface contour dome to complete adjacent, articular 
cartilage surface 64. 
[0043] FIG. 8 illustrates another preferred embodiment of 
the invention. In the FIG. 8 embodiment, a trapeZoid shaped 
bio-resorbable repair assembly 70 is adapted to regenerate 
damaged or destroyed articular cartilage on the surface of a 
bone by establishing a chondrogenic groWth-suppor‘ting 
matrix betWeen an area of damaged or destroyed articular 
cartilage that has been removed and an adjacent healthy area 
of articular cartilage and cancellous bone. 
[0044] In this embodiment, the repair assembly 70 includes 
a trapeZoid con?gured resorbable osteoconductive matrix 72 
dimensioned to be inserted in routed recipient, socket 54 to 
establish communication With adjacent healthy tissue. The 
trapeZoid shaped repair assembly 70 comprises a resorbable 
osteoconductive matrix 72, a biological agent 74 such as bone 
morphogenetic protein (BMP) and cultured chondrogenic 
cells 76. The resorbable osteoconductive matrix 72 is a spon 
gelike matrix body having the biological agent 74 absorbed in 
a loWer portion 78, dispersed cells 76 in the upper portion 80 
and a intermediate transition Zone 82. 

[0045] The trapeZoid shaped biological repair assembly 70 
can be implanted similarly to placement of a harvested graft 
24 to ?ll a recipient socket 54. Once implanted, the trapeZoi 
dal shaped biological repair assembly 70 ?lls the socket 54 by 
simulating cartilage and bone groWth. 
[0046] The resorbable osteoinductive matrix 72, biological 
agent 74 and cells 76 are described in detail as folloWs: 

Resorbable Osteoinductive Matrix (ACS) 

[0047] While type I collagen is a preferred source for the 
inventive resorbable osteoconductive matrix 74 due to its 
availability, ease of isolation and puri?cation, and biocom 
patible properties, other ?bril forming collagen such as types 
II, III, V and XI and physiologically compatible collagen 
obtained from transgenic animals may be used either singu 
larly or in combination With type I collagen. The primary 
source of type I collagen is tendon, skin, bone, and ligament, 
Human or animal tissues may be used to isolate the collagen. 
In general, animal tissues are preferred due to easy availabil 
ity in fresh forms from local slaughter houses. Other possible 
matrix materials include hyaluronan, alginate, chitosan and 
the like. 
[0048] Advantageously, animal type I collagen is homolo 
gous to human type I collagen. Therefore, medical devices 
prepared from, animal-derived (e.g., bovine, porcine, ovine, 
equine) type I collagen are accepted for human implantation. 
Type I collagen-based grafts can enhance Wound healing 
during tissue and organ regeneration. Type I collagen ?bers 
can be engineered into a variety types of matrices. Cells and 
bioactive agents (drugs, groWth factors, genes) can be incor 
porated for enhanced function. A ?nal advantage is that Type 
I collagen-based products can be cost effectively manufac 
tured in large quantities. 
[0049] In a preferred embodiment, the osteoconductive 
matrix is puri?ed from Type I bovine tendon collagen in the 
form of an absorbable collagen sponge (ACS). The puri?ed 
type I collagenACS material can be engineered, into a variety 
of extracellular tissue matrices having speci?c characteristics 
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to be used either alone or in combination With cells and 
bioactive molecules for tissue and organ regeneration appli 
cations. 
[0050] ACS is derived from the Achilles tendon of steers at 
the beginning of beef production. The tendon is harvested in 
the United States from USDA-cleared food-grade herds. The 
tendon tissue is virtually avascular and is the ?rst tissue to be 
harvested, Which reduces the risk of infection or contamina 
tion. After harvesting, the tendon is treated, With alkali solu 
tions to become the sponge like material that is particularly 
suitable as the resorbable osteoconductive matrix of the 
invention. After the collagen is formed into a sponge, the 
material is steriliZed With, ethylene oxide. 
[0051] ACS is available as an absorbable hemostatic agent, 
Helistat® agent from Integra Life Sciences, Plainsboro, N.J.). 
Once implanted, the ACS osteoconductive matrix undergoes 
resorption over a 4- to 12-week period via cell-mediated 
degradation by macrophages. The collagen can provide a 
favorable surface for cell attachment during early osteoid 
formation. It then undergoes resorbtion. ACS osteoconduc 
tive matrix possesses all the properties of an ideal carrier for 
many biological agents and is particularly suited for BMP. 
[0052] The resorbable osteoconductive matrix 72 has pores 
of a su?icient siZe and quantity to permit groWing tissue to 
in?ltrate therein. The pore siZe preferably ranges from about 
10 um to about 500 um, more preferably from about 50 pm to 
about 150 pm with surface pores being smaller than cross 
sectional (internal) pores. In particularly preferred embodi 
ments, the surface pores range in diameter from about 30 pm 
to about 150 pm, with about 70 um being most preferred. 
Cross-sectional pores can range in diameter from about 50 
pm to about 300 pm, with about 150 um being most preferred. 

Biological Agent 
[0053] The resorbable osteoconductive matrix cart include 
a supported interposed biological agent such as a regenerative 
material. The term “biological agent” de?nes an entity that is 
added to the osteoconductive matrix to effect a therapeutic 
end, such as facilitation of bone groWth, prevention of dis 
ease, administration, of pain relief chemicals, administration 
of drugs, and the like. Examples of biological agents include 
antibiotics, groWth factors, ?brin, bone morphogenetic fac 
tors including bone morphogenetic protein (BMP), trans 
forming groWth, factor b (TGF-b), groWth differention factor 
(GDF), cartilage derived morphogenetic protein (CDMP) 
bone groWth, agents, antiin?ammatory agents, chemothera 
peutics, pain killers, bisphosphonates, strontium, salt, ?uo 
ride salt, magnesium salt and sodium salt. 
[0054] Preferred biological agents 74 include bone mor 
phogenetic proteins (BMPs) that belong to the transforming 
groWth factor-{3 (TGF.(3) superfamily of structurally related 
signaling proteins. They initiate, promote and regulate bone 
development, groWth, remodeling and repair. In addition to 
bone and cartilage morphogenesis, BMP is involved in pre 
natal development and postnatal groWth of eye, heart, lung, 
kidney, skin and other tissues. Many BMPs have osteoinduc 
tive capability since they induce mesenchymal stem cells into 
osteoblasts, the cells that form neW bone. Studies have dem 
onstrated the e?icacy of some BMPs in bone repair. Speci?c 
to the spine, studies have shoWn comparable or improved 
spine fusion rates With use of BMP in a carrier versus use of 
an autograft. 

Cultured Chondrogenic Cells 
[0055] The repair assembly 70 can include cells attached to 
the biocompatible support matrix. The cells can be chondro 
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progenitor cells or otherwise. The cells can be autologous, 
allogenic or xenogenic in origin. In the present method, an 
osteochondral graft is produced in vitro by culturing isolated 
chondroprogenitor cells 76 for an amount, of time effective 
for the formation of a chondrogenic cell-associated matrix. 
The chondroprogenitor cells 76 With cell-associated matrix 
are previously cultured on a porous biocompatible support 
scaffold in the presence of a groWth factor, for a time effective 
for alloWing both the formation of an engineered cartilage 
tissue and attachment of the engineered cartilage tissue to the 
biocompatible support scaffold. 
[0056] Another knoWn option to treat damaged articular 
cartilage is a cartilage transplant, referred to as a Mosaic 
plasty or osteoarticular transfer system (OATS) technique. 
This technique involves using a series of doWel cutting instru 
ments to harvest a plug of articular cartilage and subchondral 
bone from a donor site, Which can then be implanted into a 
core made into the defect site. By repeating this process, 
transferring a series of plugs, and by placing them in close 
proximity to one another, in mosaic-like fashion, a neW 
grafted hyaline cartilage surface can be established. The 
result is a hyaline-like surface interposed With a ?brocartilage 
healing response betWeen each graft. 
[0057] Such an OATS procedure is technically dif?cult, as 
all grafts must be taken, With the axis of the harvesting coring 
drill being kept perpendicular to the articular surface at the 
point of harvest. Also, all graft placement sites must be drilled 
With the axis of a similar coring tool being kept perpendicular 
to the articular surface at the point of implantation. Further, all 
grafts must be placed so that the articular surface portion of 
these cartilage and bone plugs is delivered to the implantation 
site and seated at the same level as the surrounding articular 
surface, if these plugs are not properly placed in relation to the 
surrounding articular surface, the procedure can have a very 
detrimental effect on the mating articular surface. If the plugs 
are placed too far beloW the level of the surrounding articular 
surface, no bene?t from the procedure Will be gained. Further, 
based on the requirement of perpendicularity on all harvest 
ing and placement sites, the procedure requires many access 
and approach angles that typically require an open ?eld sur 
gical procedure. Finally, this procedure requires a lengthy 
post-operative non-Weight bearing course. 
[0058] Transplantation of previously harvested hyaline car 
tilage cells from the same patient has been utiliZed in recent 
years. After the cartilage is removed or harvested, it is cul 
tured in the lab to obtain an increase in the number of cells. 
These cells are later inj ectedback into the focal defect site and 
retained by seWing a patch of periosteal tissue over the top of 
the defect to contain the cells While they heal and mature. The 
disadvantages of this procedure are its enormous expense, 
technical complexity, and the need for an open knee surgery. 
Further, this technique is still considered someWhat experi 
mental and long-term results are unknoWn. Some early stud 
ies have concluded that this approach offers no signi?cant 
improvement in outcomes over traditional, abrasion and 
microfracture techniques. 

Procedure 

[0059] In an exemplary procedure according to the inven 
tion, osteochondral plug grafts can be harvested from a loWer 
Weight-bearing donor area in the same transplant joint as a 
target defect surface. In a preferred, embodiment, the plug 
graft is a preserved allograft tissue plug. The harvest proce 
dure can be performed as an arthroscopic or open surgery. 
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Factors that can be considered in identi?cation of a donor site 
include site morbidity, effects of joint incongruity on the 
opposing surface of the donor site, damage to the chondro 
cytes at articular margins of the donor and recipient sites 
during preparation and implantation, and collapse or settling 
of a selected graft over time. In an example, an osteochondral 
plug graft comprising a subchondral bone base and overlying 
cartilage cap is harvested from an inner rim of a intercondylar 
notch With a trephine. The plug is then chiseled to a trapeZoid 
shape With, either tWo only parallel sides or tWo pairs of 
parallel sides. The plug can be shaped With the chisel in 
various dimensions depending on the siZe and con?guration 
of the defect being treated. Then, the plug graft can be treated 
to remove cellular debris and proteoglycans. 

[0060] The diameter or diagonal of the plug can range from 
1 mm to 30 mm but is preferably 3 mm to 10 mm, Which is 
small enough to ?t through an endoscopic cannula, but large 
enough to minimiZe the number of plugs needed to ?ll a large 
recipient socket. The siZe is selected, to provide good results 
Within a recipient socket and to provide a con?uent hyaline 
surface as describe With reference to FIGS. 4 through 7. The 
thickness of subchondral bone can be modi?ed to match, 
anatomy of the recipient site so that the surface cartilage of 
the plug or plugs Will be even With and folloW the surface 
cartilage of the recipient tissue as shoWn in FIG. 7. The plug 
can be inserted arthroscopically similarly to a mosaicplasty 
procedure or through an open incision. In one aspect, the plug 
or plugs are inserted manually With the aide of an adhesive 
strip such as a tape as described With reference to FIGS. 4 
through 6. The tape is used to select a plurality of plug grafts 
from the FIG. 3 array 38 and to permit implantation into the 
open recipient socket as a mosaic unit 60 as shoWn in FIG. 4. 

[0061] In an exemplary procedure, a recipient socket 54 is 
formed in a defect. An exemplary technique for forming the 
socket is to drill a hole in femur 12 to a depth substantially 
corresponding to the height of the proposed plug graft. The 
socket can have similar dimensions to a plug graft for secure 
?t of a single graft into a socket or can have complementary 
con?guration and siZe to a plurality of plug grafts for multiple 
insertion as shoWn in FIG. 6 and FIG. 7. 

[0062] A small amount of biologic glue can be smeared, 
into the socket and the plug inserted into the glue lined socket. 
Suitable organic glues include TISSEEL® or TISSUCOL® 
(?brin based adhesive; Immuno AG, Austria), Adhesive Pro 
tein (Sigma Chemical, USA), DoW Corning Medical Adhe 
sive B (DoW Corning, USA), ?brinogen thrombin, elastin, 
collagen, alginate, demineraliZed bone matrix, casein, albu 
min, keratin and the like. A composite ?brin glue can be 
mixed With milled cartilage from for example, a bovine 
?brinogen (e.g., SIGMA 13-8630), thrombin (e.g., SIGMA T 
4648) and aprotinin (e.g., SIGMA A6012. Also, human 
derived ?brinogen, thrombin and aprotinin can be used. 

[0063] The ?brin glue can be mixed With milled, or minced 
cartilage and can be injected into the defect after the plug or 
plugs are inserted or can be smeared into socket 54 before 
insertion of the plug(s). The ?brin glue ?lls the gap or space 
56 betWeen plugs and the socket Walls as shoWn in FIG. 6. The 
plug or plugs are moveable in the defect socket 54 until the 
?brin glue can be polymerized (set). The FIG. 6 shoWs a 
larger recipient socket 54 requiring more than one plug With 
the ?brin glue ?lling spaces 56 among the plugs 26. In an 
embodiment of the invention, the glue can include an anabolic 
factor such as BMP, GDF, CDMP or progenitor cells. 
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[0064] The plug graft 26 can be inserted into the glue con 
taining socket 54 by hand using a tape or using any suitable 
instrument. The plug graft is placed or forced, in an axial 
direction into the socket 54 With the outer surface 34 of the 
trapeZoid plug graft 26 engaging inner surface of articular 
cartilage 46 of inner Walls of the socket 54 or engaging 
surfaces 34 of adjacent plug grafts 26 as shoWn in FIG. 7. The 
plug graft(s) 26 is positioned so that its surface is ?ush With 
the surface of the surrounding cartilage area. 
[0065] The trapeZoid shaped implant can be provided to a 
surgeon as part of a kit of implants. FIG. 9 illustrates a kit of 
parts to carry out an osteochondral regeneration procedure 
according to the invention. FIG. 9 shoWs kit 110 comprising 
an array 112 of trapeZoid shaped plug grafts. The array 112 
includes exemplary 8 mm plug 114, 6 mm plug 116, 4 mm 
plug 118 and 2 mm plug 120. The array 112 is provided to a 
surgeon to select an appropriate siZe and con?guration 
according to the siZe and con?guration of a recipient socket. 
Additionally, the kit 110 includes a plurality 122 of custom 
drill heads 124, 126, 128 and 130 to form a plurality of siZed 
recipient sockets in an osteochondral area and a chisel 132 to 
provide a ?nal shape to a drilled recipient socket. 
[0066] While preferred embodiments of the invention have 
been described, the present invention is capable of variation 
and modi?cation and therefore should not be limited to the 
precise details of the draWing examples. The invention 
includes changes and alterations that fall Within the purvieW 
of the folloWing claims. 

1. An osteochondral plug graft, comprising an at least 
biphasic trapeZoid shaped construct comprising upper sur 
face cartilage tissue and loWer subchondral bone tissue, the 
construct con?gured for osteochondral implanting. 

2. (canceled) 
3. The osteochondral plug graft of claim 1, Wherein the 

trapeZoid shape comprises a quadrilateral having only tWo 
parallel sides and four non-parallel sides comprising an 
articular cartilage top surface and loWer subchondral bone 
tissue having a bottom surface substantially parallel to the 
articular cartilage top surface Wherein sides of the loWer 
subchondral bone tissue are tapered from the articular carti 
lage top surface to permit, tight packing of an array of the plug 
grafts Within a routed recipient socket in an osteochondral 
surface. 

4. (canceled) 
5. (canceled) 
6. (canceled) 
7. (canceled) 
8. (canceled) 
9. (canceled) 
10. The osteochondral plug graft of claim 1, comprising a 

biphasic construct With an upper portion having an anabolic 
groWth factor and a loWer portion, having a different anabolic 
groWth factor. 

11. The osteochondral plug graft of claim 1, comprising a 
biphasic construct With an upper portion having a ?rst con 
centration of an anabolic groWth factor and a loWer portion, 
having a different concentration of an anabolic groWth factor. 

12. A method for repairing articular cartilage in a patient, 
comprising: 

forming a recipient, socket in a chondral area of an articular 
surface in need of repair; and 
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implanting a trapeZoid shaped plug graft comprising upper 
surface cartilage tissue and loWer subchondral bone tis 
sue, into the recipient socket for osteochondral repair of 
the area. 

13. The method of claim 12, comprising harvesting a plug 
graft comprising upper surface cartilage tissue and loWer 
subchondral bone tissue from another chondral area; and 
forming the plug graft into a trapeZoid shape for implanting. 

14. The method of claim 12, comprising: 
harvesting a plurality of trapeZoid shaped grafts at least one 

comprising upper surface cartilage tissue and loWer sub 
chondral bone tissue; 

providing the plurality of trapeZoid shaped, plug grafts in 
an array for graft selection; 

selecting one or more plug grafts from the array; and 
implanting the selected one or more plug grafts into the 

recipient socket. 
15. The method of claim 12, comprising: forming the 

recipient socket in the chondral area; applying a glue into the 
socket; and implanting the trapeZoid shaped graft into the 
glue containing recipient socket. 

16. The method of claim 15, Wherein the glue comprises an 
anabolic factor selected from BMP, TGF-b, GDF, CDMP and 
progenitor cells. 

17. (canceled) 
18. (canceled) 
19. (canceled) 
20. (canceled) 
21. A kit for osteochondral regeneration, comprising: 
a plurality of different con?gured or different siZed trap 

eZoid shaped plug grafts, at least one comprising upper 
surface cartilage tissue and loWer subchondral bone tis 
sue; 

at least one drill head; and 
a chisel. 

22. The kit of claim 21, Wherein the at least one trapeZoid 
shaped, plug graft is a quadrilateral shape comprising an 
articular top surface comprising cartilage With loWer sub 
chondral bone tissue having tWo parallel sides and a bottom 
subchondral surface. 

23. (canceled) 
24. (canceled) 
25. (canceled) 
26. The kit of claim 21, Wherein the at least one trapeZoid 

shaped graft comprises a quadrilateral having only tWo par 
allel sides and four non-parallel sides comprising an articular 
cartilage top surface and loWer subchondral bone tissue hav 
ing a bottom surface substantially parallel to the articular 
cartilage top surface Wherein sides of the loWer subchondral 
bone tissue are tapered from the articular cartilage top surface 
to permit tight packing of an array of the plug grafts Within a 
routed recipient socket in an osteochondral surface. 

27. The kit of claim 26, Wherein the at least one trapeZoid 
shaped graft comprises a biphasic construct With an upper 
portion having an anabolic groWth factor and a loWer portion 
having a different anabolic groWth factor. 

28. The kit of claim 26, Wherein the at least one trapeZoid 
shaped graft comprises a biphasic construct With, an upper 
portion having a ?rst concentration of an anabolic groWth 
factor and a loWer portion having a different concentration of 
an anabolic groWth factor. 
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29. An osteochondral plug graft, comprising a trapezoid 
shaped resorbable osteoconductive matrix and a supported 
interposed regenerative material con?gured for osteochon 
dral implanting. 

30. The osteochondral plug graft of claim 29, comprising a 
trapeZoid shaped resorbable osteoconductive matrix and a 
supported interposed regenerative material; Wherein the 
regenerative material is an osteoinductive material. 

31. The osteochondral plug graft of claim 29, comprising a 
trapeZoid shaped resorbable osteoconductive matrix and a 
supported interposed regenerative material; Wherein the 
resorbable osteoconductive matrix is ACS. 

32. The osteochondral plug graft of claim 29, comprising a 
trapeZoid shaped resorbable osteoconductive matrix and a 
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supported interposed regenerative material; Wherein the 
resorbable osteoconductive matrix comprises hyaluronan, 
alginate or chitosan 

33. The osteochondral plug graft of claim 29, comprising a 
trapeZoid shaped resorbable osteoconductive matrix and a 
supported interposed regenerative material and supported 
chondrogenic cells. 

34. The osteochondral plug graft of claim 29, comprising a 
trapeZoid shaped, resorbable osteoconductive matrix and a 
supported interposed regenerative material and supported 
chondrogenic cells; Wherein the osteochondral regenerative 
material is an anabolic factor selected from BMP, TGF-b, 
GDF, CDMP and progenitor cells. 

* * * * * 


